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The Failure of German-Silver and Platinoid Wires. 157 

coefficients, are so, rigorously, only at infinite dilution ; and 
(,2) the value of the specific molecular conductivity at 
infinite dilution for an electrolyte in a mixture may be 
taken to be the same as the value determined by experi- 
ments on a simple solution, only at infinite dilulion. It was 
to be expected also that, except for the accumulation of acci- 
dental errors, the differences in the case of the stronger solu- 
tions would have the same sign ; for the errors in the values 
of the a's and the ~®'s would have the same signs for different 
solutions. When we consider the large nmnber of sources of 
error involved in the determination of the constituent solu- 
tions, the preparation of the mixtures, and the finding of their 
conductivity, the agreement between the observed and the 
calculated values in the case of the weaker solutions must be 
regarded as quite satisfactory, and as warranting the conclu- 
sion that it is possible by the aid of the dissociation theory to 
calculate the conductivity of dilute aqueous solutions contain- 
ing sodium chlorkle and potassium sulphate, and therefore 
also sodium sulphate and potassium chloride, within the limit 
of observational error. 

XV. The Failure of German Silver and Ptatinoid Wires. 
By ROLLO APF~EYAm) *, 

T HE object of the present paper is to direct attention to 
the serious mechanical defectiveness of certain alloys 

used for electrical wires. The questlou is the more important 
because mechanical weakness implies electrical instability. In 
what follows I endeavom" to bring together facts enough to 
indicate the general behaviour of german-silver and platinoid, 
and especially to settle the case as regards the conditions 
external to the wires. 

It is necessary to remember that great differences exist 
between different samples of the same nominal quality of 
alloy; so that, eta hundred pounds' weight of wire, ninety-nine 
may be proof" against all ordinary climates and conditions to 
all time, while the remaining pound may become fragile 
under the same treatment in a few weeks. 

Many suggestions have been made to me, and are yeL 
current, as to the cause of the fidlure of these wires. A well- 
known expert in electrical matters attributes it to sulphur in 
the ebonite of the electrical apparatus. It will, however, be 
shown that failure occurs apart from all ebonite and sulphur. 
:Paraffin-wax has been mentioned by another authority as the 
probable cause of these defects. Instances will be given to 

* Communicated by the Physical Society : read Nov. 26, 1897. 
_Phil. Mat. S. 5. Vol. 45. 1%o. 273. _Feb. 1898. 
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158 Mr. Rollo Appleyard on the Faih~re of  

prove that paraffin-wax is an absorbent of moisture, and con- 
sequently useless for purposes of protection against climate ; 
but I have no evidence that it is aggressively harmful to the 
wires. Chemists have variously attributed the failure to the 
presence of zinc, copper, antinmny, arsenic, sulphur, phos- 
phorus~ and tungsten in the wires: the chemistry of the 
question must therefore be regarded as sub judice. 

Tropical heat and moisture accelerate failure, but not in all 
cases. Moisture has been proved by Brereton Baker to be 
essential to certain chemical combinations; and there is 
evidence enough in what follows that the same agency is 
effective in bringing about changes in thc constitution of 
alloys. The deteriorating effect of heat and moisture is not 
limited to mixed metals ; for I have recently examined a large 
tube made of electrolytic copper which, under the influence 
of steam, quickly became very seriously " pitted." Another 
tube, of the same electrolytic copper, became similarly "pit ted" 
when used for conveying sea-water. When these were replaced 
by tubes of ordinary copper, there was no further trouble. 

During the past six ).ears some very remarkable instances 
of the failure of alloys have come to my notice, particularly 
with regard to wires of german-silver and platinoid used in 
the construction of resistance-coils. Specimens of these wires, 
insulated with white silk, were submitted to various conditions 
of climate ; they were sent respectively to India, Brazil, Chile, 
Peru, Ecuador, :Nicaragua, Mexico, and Texas. For com- 
parison and reference, similar wires were in some instances 
kept in England. Several thousands of bobbins were thus 
distributed in widely different latitudes, i. e., to Valparaiso, 
Iquique, Chorillos, Santa E]ena, Panama, San Juan del Sur, 
Salina Cruz, Coatzacoalcos, Vera Cruz, Galveston, Per- 
nambuco, Bahia, Rio Janeiro, Monte Video, and Calcutta. 

A few years after this distribution faulty bobbins were 
reported from San Juan del Sur, Santa Elena, Pananm, 
Vera Cruz, Bahi% and Calcutta. These six towns all lie on 
or near sea-coasts, and they are nearly on the same terrestrial 
isotherm, i. e. the isotherm including the urea of high ter- 
restrial mean temperature, 25 ° C. 

In all cases of failure the alloy had become brittle and the 
wires had broken, not only at the outer layers, but also within 
the coils. The following is a short history of the wires that 
failed : ~  

(1) In April 1891 some german-silver wire, 16 mils dia- 
meter, doubly covered with silk, was wound on small boxwood 
bobbins and then treated with paraffin-wax. Each bobbin 
was afterwards lapped with a strip of leather. They were all 
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packed in tin-lined soldered cases containing straw, and were 
shipped to Vera Cruz, on the Mexican Coast--a voyage of 
twenty-six days. A month after leaving Enzland the cases 
were unpacked. It was then noticed that the leather lappings 
of the bobbins had deteriorated, the silk coverings were dis- 
coloured, the german-silver had become brittle, and breaks 
had occurred in the wire. The packing-straw showed signs 
of dampness. The case had been stowed in the hold with 
other cargo in rather a hot part of the ship. No current was 
ever sent through this wire except the  small fraction of a 
milliampere used momentarily while testing the resistance 
before shipment. 

(2) In February 1891 similar bobbins, of nominatty the 
same german-silver wire, vcere shipped ~to Valparaiso and 
Iquique. These were not treated with paraffin-wax, t~hey 
were merely lapped with leather. During the Chilian war 
the apparatus was dismantled. I have had no information as 
to the state of these bobbins since January 1893, when tho 
wire was reported to be in good condition. The mean tem- 
perature of Valparaiso is lower by about 10 ° C. than the mear~ 
temperature of Vera Cruz. 

(3) In June 1895 bobbins of platinoid were shipped to the 
town of Bahia, on the Brazilian coast. The wire was silk- 
covered and treated with paraffln-wax. No leather or ebonite 
was used in connexion with this apparatus. An outer box of 
mahogany protected the bobbins from insects. At the end of 
a very wet and stormy season the wire failed. It was reported 
" faulty " in January 1896, about six months after its arrival 
in Brazil. When unwound, the wire showed several fractures; 
it had become " short" locally. Bahia lies ahnost on the 
same isotherm as Vera Cruz, 25 ° C. 

(4) Between the months of June and August 1893 bobbins 
of' platinoid were shipped to Valparaiso, Iqnique, and Chorillos, 
The wire was silk-covered and treated with paraffin-wax. 
Each bobbin had an outer tube of ebonite. There have been 
no reports of failure from any of these towns. This goes to 
prove that the presence of ebonite is not itself strfficient to 
account for the fracture of platinoid wires. 

(5) In November 1893 similar bobbins were shipped to 
Galveston and Coatzacoalcos : no faults have, so far, developed 
in them. l~ere, again, ebonite has done no evident harm. 
Coafzaeoaleos is nearer to the equator than is Vera Cruz. 

(6) In December 189~: sim~ar bdbbins were shipped to 
Santa Elena, on the coast of Ecuador, and to San Juan del Sur, 

' ~,~ in Nicaragua. Two years later two of the ~anta Elena bobbins 
were reported " faulty," and the same number failed at 
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160 Mr. Rollo Appleyard on t]~e Failure of  

San Juan del Sur during the same time. Both towns are 
within about 10 degrees of latitude of the equator. 

(7) In September 1895 similar bobbins were shipped 
to Panama. The wire of one was reported "b roken"  in 
November 1896. 

(8) Between October 1894 and September 1895 about a 
thousand bobbins of platinoid wire, made and protected as 
above described, treated with paraffin-wax and sheathed with 
ebonite, were shipped to Pernambuco, Rio Janeiro, and 
Salina Cruz. :No reports of failure have, so far, been received 
from these towns. They are all within the tropics. 

(9) In March 1895 a voltmeter, wound with silk-covered 
german-silver wire, was shipped to Calcutta. The wire was 
not treated with paraffin-wax, and no ebonite was used in 
connexion with it. In February 1897 every inch of the wire 
was rotten. As the coil was unwound, the wire fell to pieces. 
Slight electrical heating had possibly accelerated the structural 
change of the alloy. 

(10) The specimens of various german-silver and platinoid 
wires on bobbins kept in England are still quite good. This 
applies to the wire such as was used for the voltmeter, as well 
as to the platinoid such as was used for the resistance-coils. 
This autumn I selected some of these home-specimens and 
formed them into small coils. They were then exposed just 
above the surface of a tank of water that was boiled all day 
and allowed to cool all night. This process was continued 
for six weeks with no apparent deteriorating effect upon any 
of the coils. 

(11) A piece of bare platinoid wire kept for some years in 
the laboratory has become discoloured, and there .are several 
black spots in it ; but I can find no "shor t "  plt(ees and no 
mechanical ~eakness anywhere. 

(12) Some suspended helices of bare german-silver wire 
have broken in several pJaces ; these have had current through 
them from time to time. One of the fractures occurred at or 
very near a brazed joint. The helices were under slight 
torsional stress. There were no fractures in the short hori- 
zontal german-silver wires connecting these helices. 

The constitution of german-silver is stated to vary as 
follows : -  

Copper . . . . . . .  50-66 parts. 
Zinc . . . . . . . .  19-31 ,, 
Nickel . . . . . . .  13-18 ,, 

Platinoid is generally described as german-silver with two per 
cent. of tungsten. According to Brannt, the tungsten~ in the 
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German-Silver and Platlnoid Wires. 16l 

form of phosphor-tungsten, is first melted with a certain 
quantity of copper. The nickel is next added, then the zinc, 
and finally the remainder of the copper. In order to remove 
phosphorus and a portion of the tungsten, both of which 
separate as dross, the resulting compound is several times 
remelted. It  is probable that traces of arsenic and phophorus 
are present in the alloy. 

I f  nickel is in too great proportion in nickel-copper alloys, 
oxygen is absorbed during fusion, and liberated on cooling. 
The result is a porous metal. Again, if the temperature of 
casting is too high, or if the cooling is irregular, cavities may 
be expected in the final alloy. 

The surprising diminution in tensile strength produced by 
traces of impurities, for some alloys, has been studied by Prof. 
Roberts-Austen and other metallurgists. A very small per- 
centage of arsenic in nickel-copper-zinc compounds causes 
extreme brittleness. So also does a small addition of lead or 
iron. And as arsenical nickel ore is the source of much of 
the nickel of commerce, the failure of german-silver and 
platinoid may possibly be due to traces of arsenic. 

At this point, however, I propose to discriminate between 
two kinds of brittleness, my object being to simplify the dis- 
cussion of the problem. That such a distinction is necessary 
will perhaps be bast illustrated by an example. Prof. Roberts- 
Austen demonstrated that the addition of [ per cent. of lead 
reduces the tensile strength of gold by more than two-thirds. 
Similarly, he observed that arsenic renders gold very fragile, 
and that 0"2 per cent. of bismuth instantly converts gold into 
an alloy that crumbles under the die. In all these cases, 
brittleness is characteristic of the alloy from the moment of 
solidification ; it may, in fact, be regarded as a definite function 
of the atomic volumes of the constituent elements. I propose 
to call this " primary" brittleness. 

But the brittleness of german-silver and platinoid is of a 
dii~i~rent order. It is a s~tbsequent phenomenon. For example : 
the alloys from which electrical wires are made are necessarily 
strong in the first instance ; if they were mechanically weaki 
i.e., if they possessed " primary" brittleness, they would fail 
in the process of " drawing" through the die. Hence, the 
distinction between "pr imary"  and " secondary "brittleness. 
The one is an accident of birth, the other is a disease that 
develops with age and circmnstance. 

The fracture of platinoid, as seen under the microscope, 
is granular or crystalline. In new and good specimens the 
colour is silver-grey, and uniform except for a few well- 
defined patches of brown. Occasional specimens of brittle 
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162 On th~ Failu~*¢ of German-Silver and Platinoid Wires. 

wire retain, in parts, the silver-grey fracture. As a rule, 
however, bad specimens have, encroaching on the silver-grey 
area, patches of purple, yellow, copper-colour, and brown, 
with frequent cracks and fissures that communicate more or 
less with the surface of the wire. Very bad specimens have~ 
at times, scarcely any of the silver-grey colour at the fracture. 
The patches ofdark-purpl% yello~,, "and copper-colour are 
clearly defined, as though-eac]~ of them represented a distinct 
alloy, or a separate mass of "l iquated" metal. On a par- 
ticular bobbin, brittleness is o[tcn restricted to a foot or two 
of the wire. Similar remarks apply to the appearance of the 
fractures of german-silver. 

The crevices and fissures in bad specimens are easy to 
observe with a microscope. They are probably developed 
during wire.drawing, as the result of pores in the cast 
metal. Another explanation of them may be looked for in 
the " liquation" of some of the metals constituting the alloy. 
By this action, the portion of the alloy that first solidifies 
rejects the yet molten portions, as ice rejects fbreign matter. 
As cooling continues, the various constituents become isolated, 
homogeneity is lost, and I think we may fairly assume that, 
m consequence, the strength of the material varies from point 
to point of its mass, so that in passing afterwards through the 
die, the weaker constituents give way, and the general 
structure is loosened. Crystallization and internal electrical 
actions may also result in local weakness, crevices, and 
fissures. 

Keeping in mind the existence of these fissures it is a 
simple matter to accqunt for the fact that wires deteriorate 
more quickly under a small stress than when they are sub- 
mitred to no stress. Apart from the mechanical weakening, 
it is evident that any extending force opens the crevices and 
makes way for air and moisture--it may also facilitate crys- 
tallization. And clearly~ if the wires are being used for 
electric currents, as is the case with resistance-coils on arc- 
light circuits, great local heating occurs at these weakened 
sections, and fracture is inevitable. This was probably the 
fate of the voltmeter-wire mentioned in example (9) above. 
It was almost certainly the fate of the suspended helices (12). 

From what precedes, there is plenty of evidence that 
secondary brittleness is fostered by tropical heat and moisture. 
A good wire, free from incipient cracks, may last for years, 
or may be proof against heat and moisture, as were the wires 
in example (10). But if there are any fissures, there is no 
doubt that moisture intrudes upon the alloy through these 
capillary channels, with destructive effect. 
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Analogy between the Cathodic Rays and those of RSntgen. 163 

There is a kind of tradition that paraffin-wax is a perfect 
safeguard against moisture ; as a matter of fact it is highly 
absorbent, The wax on the bobbins returned from the tropics 
is completely choked with moisture. Shellac, or the old- 
thshioned sealing-wax varnish, resists much better. There is 
no evidence to show that ebonite is harmful to german-silver 
or platinoid, but it may be well to keep the metal out of 
actual contact with ebonite. 

Can metallurgists tell us the difference, in constitution 
and structure, between a german-silver wire that decays in 
four weeks, and another that under similar conditions never 
fails ? Or, what is even more important, can they make us 
platinoid that shall never fail ? I f  they cannot~ it becomes 
heeessary to surrender those cheaper and better electrical 
materials, and fall back upon the more expensive alloys, 
beginning at platinum-silver. I f  sufficient time and means 
were at the disposal of metallurgists they might discover the 
secret of permanence in alloys. Germany, with the advan- 
tages of a National Laboratory, has already attacked the 
question, and " manganin"  is the result. Its adoption there 
as a satisfactory alloy is directly due to work done upon it by 
the Reichsanstalt. But it has yet to be proved that mangamn 
will endure the conditions iml~osed by the tropics. ]~/[oreover, 
the doubt arises as to whether it is desirable to obtain fi-om 
abroad material that ought to be produced by our own country. 
British cable-manufacturers are already importing thousands 
of tons annually of sheathing-wire from Germany; and it 
seems probable that, for the want of a National Laboratory, 
instrument-makers will now get their resistance-wire from that 
same adventurous ibreign source. 

XVI .  Analogy between the Cathodic Rays and those of R6ntgen. 
B y  Prof. A. BATTI~LLI, of the _Pisa University*. 

the 'Electrician'  of the 8th of January,  1897,-Prof. 

wlhlNch mdnces lnm to adm,t that there exasts within ~:ookes s 
• Silvanus. . Thompson. _ describes, aver, y. sim.p. . le ex eriment, 

tubes a special kind of rays, which differ from the cathode rays 
and from those of RSntgen. He  observes that on bringing a 
magnet near the focus-tube, as was already known, the fluor- 
escence on the side of the tube facing the small reflectors 
cha~ges its position; whereas, on the other hand, if a 
fluorescent plate be placed before the tube, the luminous 
stain on it does not shift its position through the effect of 
the magnet. 

* Communicated by the Author. 
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